Bacteria of the genus Pseudoalteromonas within the Gammaproteobacteria are frequently isolated from marine samples (Gram et al., 2010) . Several species produce bioactive compounds, and often pigmentation co-occurs with the production of bioactive metabolites (Bowman, 2007; Egan et al., 2002; Vynne et al., 2011) .
Among the known biologically active compounds produced by pigmented members of the genus are anti-fouling, antibacterial and cytotoxic compounds, although nonpigmented species may also be of biotechnological interest due to the production of enzymes with novel hydrolytic activity (Bowman, 2007) . The so-called non-pigmented group of Pseudoalteromonas species contains several closely related type strains, with 16S rRNA gene sequence similarities of more than 99 % in some cases (Gauthier et al., 1995) .
During a research cruise, bacteria were collected from marine environments and screened for anti-bacterial activity (Gram et al., 2010) . Of the isolated strains, more than 100 were identified based on 16S rRNA gene sequence similarity as belonging to the genus Pseudoalteromonas (Gram et al., 2010; Vynne et al., 2011) . On 3 February 2007, a swab sample was obtained from an unidentified marine polychaete collected near Canal Concepción, Chile (À50.4498 N À74.8912 E).
Following incubation, strain S3431 was isolated for further study due to a characteristic black pigment and agarolytic ability.
We speculated that strain S3431 represented a novel Pseudoalteromonas species and proceeded with the experiments required for such analyses (Table S1 , available in the online Supplementary Material) comparing with the type strains of closely related Pseudoalteromonas species (Fig. 1) . During our study, we came across a potentially related bacterium, Alteromonas fuliginea, which also produces a black pigment. The name was previously validly published (Romanenko et al., 1995: 879 , following effective publication by Romanenko et al., 1994) , with A. fuliginea KMM 216 as a proposed type strain out of four isolated strains (KMM 216, KMM 256, KMM 250 and KMM 504) . Ivanova et al. (1998) proposed rejection of the name Pseudoalteromonas fuliginea (referring to A. fuliginea) suggesting it was a junior subjective synonym (now called later heterotypic synonym) of Pseudoalteromonas citrea (Gauthier, 1977) .
Since then, A. fuliginea has been considered a heterotypic synonym of P. citrea. Here we present details of the phenotypic and genotypic differences and similarities between P. citrea LMG 12323 T , A. fuliginea KMM 216 (=DSM 15748) and the newly isolated Pseudoalteromonas strain S3431.
Strains were routinely cultured for morphological and physiological characterization in marine broth 2216 (MB; Difco, cat. no. 279110) and on MA at 25 C. Marine minimal medium (MMM) (Östling et al., 1991) 4, 5, 6, 7, 8, 9 and 10 and buffered according to the desired pH. Since the pH of solutions with pH > 9.0 is not stable due to acidification by CO 2 , growth was evaluated after 3 days of incubation.
Catalase activity was tested using the 3 % H 2 O 2 method (Cowan, 1974 ). Oxidase activity was tested by transfer of one colony onto a BBL DrySlide (BD, cat. no. 231746). A strain was scored as oxidase-positive if a blue colour developed within 20 s of application. Glucose metabolism was tested by inoculation of colony mass into tubes containing Hugh & Leifson's substrate (Hugh & Leifson, 1953) modified for marine micro-organisms by adding 2.0 % (w/v) sea salts (Sigma, cat. no. S9883). The tubes were read after 2 days of incubation at 25 C. API 20 NE strips supplemented with 2.5 ml sterile 8 % (w/v) sea salts per ampoule of API AUX media were used for comparative analysis of strain S3431
T and related type strains. Nutrient assimilation by strain S3431 was tested in Biolog GN2 microtitre plates. Strains were grown on MA overnight and colony mass was resuspended to an OD 600 of 1.0 in MMM supplemented with 5 mM thioglycolate. Then, 150 µl of this suspension was added to each well of the Biolog GN2 plate. The plate was visually inspected for a colour change in wells after 10 days of incubation at 25 C.
Agarase activity was evaluated after 10 days of growth on MA at 25 C. Caseinase activity was tested on agar plates containing (per litre) 100 g skimmed milk powder (Difco, cat. no. 232100), 30 g sea salts and 15 g agar. Chitinase production was assayed on agar plates containing 30 g sea salts and 0.2 % (w/v) colloidal chitin (Weyland et al., 1970) . k-Carrageenase production was tested on substrates containing MB solidified with 2 % (w/v) k-carrageenan (Sigma, cat. no. 22048). Strains were further tested by spotting colony mass on substrate consisting of (per liter) 28.75 ml buffer (85 % phosphoric acid 0.08 M, boric acid 0.08 M, glacial acetic acid 0.08 M), 30 g Instant Ocean salts (Aquarium Systems)and 10 g agar. The pH of the medium was adjusted to 6.0 and enzyme substrate was added to a concentration of 0.1 % (w/v). Azurine-crosslinked (AZCL)-amylose, AZCL-curdlan, AZCL-galactan, AZCL-rhamnogalacturon I, AZCL-xylose and AZCL-dextran were tested. Azo-avicel was used as substrate to test production of endo-cellulases. Enzyme actitivity was detected by the presence of a coloured zone in the agar surrounding the colony. AZCL substrates and azo-avicel were purchased from Megazyme. Haemolytic activity was tested on Blood Agar Base (Oxoid, cat. no. CM55) with 5 % (v/v) defibrinated calf blood.
Biomass for analysis of fatty acid composition, respiratory lipoquinones and polar lipids was obtained from 48 h cultures incubated on MA at 25 C. The biomass was lyophilized prior to submission for analyses. Analyses of fatty acids, respiratory quinones and polar lipids were carried out by the Identification Service of the DSMZ (Braunschweig, Germany) ( Table 1 ).
The nearly complete 16S rRNA gene sequence of Pseudoalteromonas sp. S3431 was previously obtained using standard PCR methods and the universal primers 27-f and 1492-r (Gram et al., 2010) and deposited in GenBank under accession number FJ457214. 16S rRNA gene sequences of related type strains were obtained from GenBank (accession numbers are listed in Fig. 1 ). The sequences were aligned using the alignment tools in the CLC Main Workbench (CLC Aarhus, version 7). Maximum-likelihood phylogenetic trees were also generated using the CLC Main Workbench (CLC Aarhus, version 7) tools. Neighbour-joining was the tree reconstruction method used with the Jukes-Cantor nucleotide distance measure. The design of the trees was finalized using MEGA 5 (Tamura et al., 2011) . The topology of the tree was tested with 1000 bootstrap replications.
Determination of the G+C content of the genomic DNA and DNA-DNA hybridization values between strain S3431, P. citrea LMG 12323 T and A. fuliginea DSM 15748 were carried out by the DSMZ, or done in silico based on genome sequences (see below). For DNA-DNA hybridization, cells were disrupted by using a French pressure cell (Thermo Spectronic) and the DNA in the crude lysate was purified by chromatography on hydroxyapatite (Cashion et al., 1977) . DNA-DNA hybridization was carried out as described by De Ley et al. (1970) under the considerations of the modifications described by Huss et al. (1983) using a model Cary 100 Bio UV/VIS spectrophotometer equipped with a Peltier-thermostatted 6Â6 multicell changer and a temperature controller with in situ temperature probe (Varian).
The genome of strain S3431 was sequenced by Beijing Genomic Institute and the genome of A. fuliginea DSM 15748 by GATC using Illumina HiSeq sequencing. In brief, genomic DNA was extracted from each sample by using phenol/chloroform/isoamyl alcohol and then precipitated with isopropanol. Samples were treated with RNase before quantification and quality analysis using 1 % agarose gel electrophoresis, a NanoDrop spectrophotometer (Saveen Werner) and a Qubit 2.0 analyser (Invitrogen). Libraries of 500 bp were used for 100 bp paired-end sequencing of genomes using the Illumina sequencing technology on a HiSeq2000 with a minimum coverage of 100. We used the Genome-to-Genome Distance Calculator by DSMZ (Auch et al., 2010) to determine in-silico DNA-DNA reassociation percentages (Table 2 ) and the average nucleotide identity (ANI) calculator to estimate the ANI between two genomic datasets (Table 3 ) (Goris et al., 2007) using the newly sequenced genomes of Pseudoalteromonas sp. S3431 (JJNY01) and A. fuliginea DSM 15748 (AF529062.1) and the publically available genome of P. citrea LMG 12323 T (AHBZ02).
Strain S3431 and A. fuliginea DSM 15748 differed phenotypically from P. citrea LMG 12323 T in being able to grow at higher temperature and salinity (Table 4) . Differences in metabolism were observed between the strains: S3431 and A. fuliginea DSM 15748 were able to utilize D-mannose, D-mannitol, maltose, adipic acid and malic acid, while P. citrea LMG 12323 T was not. Furthermore, different enzymatic profiles were observed for S3431 and A. fuliginea DSM 15748 as compared to P. citrea LMG 12323 T . Strains S3431 and A. fuliginea DSM 15748 had agarase, b-galactosidase and b-glucosidase activities, whilst P. citrea LMG 12323 T had caseinase, chitinase and leucine arylimidase activities (Table 4 ).
The 16S rRNA gene sequences of Pseudoalteromonas type strains, S3431 and A. fuliginea DSM 15748 were subjected to a maximum-likelihood phylogenetic analysis. Within the resulting phylogenetic tree, strain S3431 and A. fuliginea DSM 15748 were placed firmly within the so-called nonpigmented group, in contradiction to the black pigment produced by these strains (Fig. 1) . The low bootstrap values underline the difficulty of clearly resolving the species relationship within this group of bacteria using only 16S rRNA gene sequences (Gauthier et al., 1995) .
The DNA-DNA hybridization values of strain S3431 to Pseudoalteromonas type strains sharing >98 % 16S rRNA similrity with it were below the 70 % recommended limit for delineating new species (Table S1 ) (Wayne et al., 1987) . However, we found a 77.8 % DNA-DNA reassociation value with A. fuliginea DSM 15748 (Table 2 ). Based on DNA-DNA hybridization studies and physiological and morphological traits, Ivanova and co-workers previously proposed that A. fuliginea DSM 15748 should be placed in the species P. citrea (Gauthier, 1977) , and the name A. fuliginea (Romanenko et al., 1994) should be rejected because it was a junior subjective synonym (now called later heterotypic synonym) of P. citrea (Ivanova et al., 1998) . However, in the present study, the DNA-DNA hybridization value between A. fuliginea DSM 15748 and P. citrea LMG 12323
T was only 19.6 % indicating that these two organisms do not belong to the same species. Accordingly, a 77.8 % DNA-DNA reassociation value between strain S3431 and A. fuliginea DSM 15748 cannot place S3431 within P. citrea,since DSM 15748 is not the type strain of this species. The DNA-DNA hybridization value between S3431 and P. citrea LMG 12323 T was 20.2 % and hence S3431 does not belong to the species P. citrea. The analysis of whole-genome sequence data of the three strains also revealed several differences and allowed the confirmation of the wet-lab DNA-DNA hybridization results (Table 2) . We found a very good correlation between wet-lab-based analyses and the in silico DNA-DNA hybridization data, and confirmed that strain S3431 and A. fuliginea DSM 15748 represent the same species but they cannot be classified as P. citrea. This conclusion is also reinforced with the data from the ANI calculation, where both S3431 and A. fuliginea DSM 15748 match P. citrea at 78 %, below the 95 % threshold to be classified as the same species. ANI between S3431 and A. fuliginea DSM 15748 is 98.5 %.
Both the phenotypic and genotypic differences presented demonstrate that S3431 and A. fuliginea DSM 15748 cannot be classified as members of P. citrea. Therefore, we propose the reclassification of A. fuliginea Romanenko et al. (1995) , 879 VP as Pseudoalteromonas fuliginea comb. nov. with KMM 216 T (=DSM 15748 T =CIP 105339 T ) as the type strain. We also provide an emended description of the species. In addition, strain S3431 (=LMG 26172=NCIMB 14721) would be classified as a member of P. fuliginea.
Description of Pseudoalteromonas fuliginea comb. nov.
Pseudoalteromonas fuliginea (fu.li.gi.ne¢a. L. fem. adj. fuliginea black-brown).
Basonym: Alteromonas fuliginea Romanenko et al. (1995) , 879.
Cells are motile straight rods with polar flagella, 1.5-3.0 µm long and 0.5-0.8 µm wide. Cells are Gram-stain-negative, non-spore forming, strictly aerobic and mainly occur singly. When grown on MA at 25 C, forms raised, circular, black to dark brown colonies, which appear smooth and shiny, 3-5 mm in diameter. A melanin-like brown pigment diffusing into the agar is produced. Growth occurs at 5-30 C, with no growth at 35 C, and at pH 6-9, the optimal pH being 7.5-8.5. Substrate NaCl content of 1-9 % (w/v) supports growth. Utilizes D-glucose, D-mannose, D-galactose, maltose, sucrose, melibiose, lactose, succinate, D-gluconate, D-mannitol, sorbitol, citrate, xylose, trehalose, acetate, L-arginine, a-cyclodextrin, dextrin, glycogen, Tween 40, Tween 80, cellobiose, gentiobiose, lactulose, raffinose, acetic acid, D-galacturonic acid, a-ketoglutaric acid, propionic acid, T ), isolated from the homogenate of purple sea squirt Halocynthia aurantium inhabiting the coastal waters of Peter the Great Bay in the Sea of Japan. The DNA G+C content of the type strain ranges from 41.5 to 43.8 mol%. Strains: 1, S3431; 2, P. citrea LMG 12323 T ; 3, A. fuliginea DSM 15748. All tests were performed in the present study. +, Positive; À, negative; W, weakly positive; o, oxidative glucose metabolism in marine Hugh & Leifson substrate. All the strains were oxidase-and catalase-positive, utilized D-glucose and exhibited protease, esterase (C4), esterase lipase (C8), lipase (C14), valine arylimidase and acid phosphatase activities. All the strains were negative for indole production, arginine dihydrolase, cystine arylimidase, trypsin, agalactosidase and a-glucosidase activities, as well as for the utilization of N-acetyl-glucosamine, capric acid, trisodium citrate and phenylacetic acid. 
